Introduction {#Sec1}
============

The rapid increase in the reporting of patients suffering from COVID-19 has brought about a major heath emergency worldwide. COVID-19 was declared a pandemic by the World Health Organization (WHO) on March 11, 2020 (WHO [@CR31]). According to the WHO pandemic phases, COVID-19 is currently in Phase 5, which signifies global human-to-human spread of the virus (WHO [@CR30]).

Though the major symptoms are mainly respiratory in nature, ocular symptoms are generally overlooked by clinicians. The major routes of transmission are through respiratory droplets and direct contact (Lei et al. [@CR14]; Minodier et al. [@CR17]; Zumla et al. [@CR35]; Otter et al. [@CR19]). Gastrointestinal tract and body fluids, including tears, can have the SARS-CoV-2 and may participate in the active spread of COVID-19, though the exact role remains uncertain (WHO [@CR32]).

Li Wenliang, a Chinese ophthalmologist at Wuhan Central Hospital, Hubei, the whistleblower of the disease outbreak, allegedly contracted the disease while attending a glaucoma patient and later succumbed to the illness (Wenliang [@CR29]). Thus, ophthalmologists, as health care professionals, are also exposed to the possible impacts of COVID-19.

Ophthalmological Manifestation of Viral Respiratory Diseases {#Sec2}
============================================================

Spectrum of Presentation {#Sec3}
------------------------

The conjunctival sac is anatomically connected to the nasal cavity through the nasolacrimal duct. Most of the upper respiratory tract infections harbor the organism in the nasal mucosa (Thomas [@CR26]). Since most of the acute URTI have viral etiology, adenovirus being the commonest, the appearance of conjunctivitis in such cases is not uncommon (Epling [@CR9]; Azari and Barney [@CR2]). Conjunctivitis is speculated to be an allergic immune response to the virus (Solano and Czyz [@CR24]).

Conjunctival congestion with watery discharge is more characteristic of a viral conjunctivitis (Rietveld et al. [@CR20]). There is a wide spectrum of presentation of viral conjunctivitis ranging from pink eye to hemorrhagic conjunctivitis.

The disease readily spreads from person to person and has the possibility of becoming an epidemic. Although viral conjunctivitis is most often mild and goes away without treatment within 1--2 weeks, it may last 2 or more weeks if complications develop. Major complications associated are punctate keratitis with subepithelial infiltrates, bacterial superinfection, conjunctival scarring and symblepharon, severe dry eye, irregular astigmatism, corneal ulceration with persistent keratoconjunctivitis, corneal scarring, and chronic infection (Bialasiewicz [@CR3]).

Previous Coronavirus Infections in the Eye {#Sec4}
------------------------------------------

Severe acute respiratory syndrome (SARS), a global health crisis, in 2003, was a result of infection with coronavirus strain (SARS-CoV).

Middle East respiratory syndrome--related coronavirus (MERS-CoV), first identified in Saudi Arabia in 2012, was another coronavirus-borne disease (Centers for Disease Control and Prevention [@CR4]).

Most of the previously encountered coronavirus species (SARS-CoV and MERS-CoV infections) rarely cause ocular infections in humans (Li et al. [@CR15]). However, few reports suggest the presence of conjunctivitis of varying severity in patients suffering with coronavirus infections in different parts of the world (Finger [@CR10]).

The presence of coronavirus in tear and conjunctival scrapings was also reported in few studies.

Novel Coronavirus Infection (COVID-19) in the Eye {#Sec5}
-------------------------------------------------

Following the recent novel coronavirus outbreak in China, the presence of novel coronavirus in tears and conjunctival secretions of patients with COVID-19 was evaluated. Though majority of patients who had been enrolled for the study did not present with conjunctivitis, one who did had the coronavirus in tear and conjunctival swab. Conjunctivitis reported was mild, with a watery discharge. The results concluded that tears and conjunctival secretions had coronavirus in patients with conjunctivitis, but was absent in those without conjunctivitis. This also raised an alarm among the treating ophthalmologists towards the possible spread of the virus through tears, along with other body fluids (Xia et al. [@CR34]).

Another study in China reported conjunctivitis in 9 patients with COVID-19, out of 1099 (0.8%). Few reports also suggest that initial symptoms of COVID-19 was not conjunctivitis, but the possibility of virus spread through conjunctiva cannot be excluded (Wei-Jie et al. [@CR28]; Wang et al. [@CR27]; Huang et al. [@CR12]). The replication of virus in conjunctival epithelium is also enigmatic.

In view of the presence of coronavirus in body fluids of patients, and SARS-CoV-2 being similar to SARS-CoV, the risk of transmission through conjunctival secretion and tear cannot be neglected.

Combating the Ocular Spread---Ophthalmologist's Role Play {#Sec6}
=========================================================

According to the recent American Academy of Ophthalmology (AAO) guidelines, there are multiple reports which suggest that the novel coronavirus can cause conjunctivitis and can also be transmitted by aerosol contact with conjunctiva. Patients with conjunctivitis may initially report to an ophthalmologist, possibly making the eye care physician to first suspect a case of COVID-19 (Lu et al. [@CR16]).

When to Suspect COVID-19 Conjunctivitis {#Sec7}
---------------------------------------

Ophthalmological intervention should depend upon the WHO pandemic phase in the concerned region (WHO [@CR30]).In regions where community-level outbreak of COVID-19 is confirmed, every case of viral conjunctivitis with/without systemic symptoms should be considered as a probable case of COVID-19.In regions with impending community outbreak, every case of viral conjunctivitis with/without systemic symptoms should be suspected as a case of COVID-19.Confirmation of travel and contact history becomes less relevant in both the aforementioned scenarios.In regions with local spread, history of travel/contact/symptoms suggestive of COVID-19 should be enquired and cases belonging to group 2, 3, and 4 should be evaluated further.

Diagnosing and Managing COVID-19 Conjunctivitis {#Sec8}
-----------------------------------------------

In regions with WHO pandemic phase \>2, ruling out common viral pathogens causing conjunctivitis becomes secondary. Excluding the novel pathogen in such scenarios is of primary importance as it can help in the detection of subclinical cases to limit further spread of the disease.

According to a recently published literature on COVID-19 conjunctivitis, tear sample and conjunctival swab are reported to be positive for the novel coronavirus. So tear sample and conjunctival secretions need to be evaluated for the presence of the virus. Collection should be done using disposable sampling swab from the conjunctival fornix, preferably lower. The sample should be stored in universal transport medium at 4 °C and sent for RT-PCR (real-time Polymerase Chain Reaction) assay. Two such samples should be taken within 2--3 days' interval and assay should be repeated.

The reported sensitivity and specificity of RT-PCR are 85--87% and 100%, respectively, for diagnosing previous SARS-CoV infection. Recent data on the sensitivity and specificity of RT-PCR for novel coronavirus infection is not available. The treatment of COVID-19 conjunctivitis is an ongoing research (National Institutes of Health [@CR18]). It might have a benign course, as cases reported are mild, and may be treated as normal viral conjunctivitis treatment protocol as of now.

Risk to Ophthalmologists {#Sec9}
========================

The transmission of COVID-19 can occur through the mucous membranes, including the conjunctiva. Thus, the treating ophthalmologist may be equally or potentially exposed to the health hazard. Several case reports have documented the spread of COVID-19 to ophthalmologists during routine diagnosis and treatment (Wang et al. [@CR27]; Dai [@CR8]; South China Morning Post [@CR25]). Also, transmission of the disease through asymptomatic contacts has also been documented (Rothe et al. [@CR22]).

Most of the ophthalmological diagnostic procedures (slit lamp examination, direct and indirect fundus examinations, tonometry, etc.) require close proximity with patients, thereby increasing the risk of exposure (Xia et al. [@CR34]). Suboptimal infection control strategies at the health care level may unintentionally spread the disease and risk the entire community (Chan et al. [@CR7]).

Preventive Measures in Ophthalmic Practice {#Sec10}
==========================================

According to the WHO cases classification schemes, patients can be grouped on the basis of triage system into general, suspect, and probable categories (World Health Organization [@CR33]; Gavidia [@CR11]). All patients should not attend the outpatient clinic to avoid personal and community spread of the disease. Triage should be performed and patients should be screened on the basis of:Travel history in the last 2--3 weeks to any of the hot spots of COVID infections (China, South Korea, Italy, Iran, etc.)History of contact with known COVID-19 patient/suspectSymptoms of cough, cold, or fever

Patients are categorized into four groups according to the triage system (Fig. [8.1](#Fig1){ref-type="fig"}). Groups 1 and 2 can be categorized as general patients and can be seen on an outpatient basis, but with personal protective equipment (PPE). Groups 3 and 4 should be characterized as suspect/probable cases and only cases having ophthalmic urgency should be managed, in isolation ward with full protection. Rest non-urgent ophthalmic appointments should be rescheduled after 2 weeks (Fig. [8.2](#Fig2){ref-type="fig"}). Figure [8.2](#Fig2){ref-type="fig"} highlights the protocol for attending patients visiting ophthalmology clinics during COVID-19 outbreak (Huang et al. [@CR12]; Rohit and Santosh [@CR21]).Fig. 8.1Triage of patients presenting to ophthalmology clinic Fig. 8.2Flow chart of attending patients visiting ophthalmology clinic. *OPD* outpatient department, *PPE* personal protective equipment, *OU* ophthalmic urgency

Outpatient Care {#Sec11}
---------------

As per recent AAO guidelines, as a response to the state of national emergency due to COVID-19, eye care practitioners should reduce the number of outpatient consultation days and elective surgical procedures, particularly in elderly patients and those with medical comorbidities (American Academy of Ophthalmology [@CR1]).

The following preventive measures should be taken by the ophthalmologist in the outpatient clinic for general patients (Group 1 and 2) during such outbreaks:

### Personal protection {#Sec12}

Personal protective equipment (PPE) (Table [8.1](#Tab1){ref-type="table"}) and general precautionary measures to be taken for outpatient procedures includeUniversal precaution:Surgical/N95 respirator mask to cover the nose and mouth.Gloves whenever body fluids (blood, secretions, urine, stool) are to be handled.Water-repellant or water-resistant gowns.Eye protective wear or goggles (visor).Hand sanitization:Repeated hand washing, using hand rub (0.5--1.0% chlorhexidine in 80% ethyl alcohol).Gloves to be changed and hand hygiene practiced between each contact with different patients.Avoidance of touching of face shields, mask, eye protective wear, face, head, and neck area before thorough hand wash. Table 8.1Personal protective instrument to be used by health care practitioners for attending general and high-risk patients of COVID-19Disposable wear/protective measuresGeneral patients (for outpatient care)\
(Group 1)High-risk patients (for outpatient care and isolation wards)\
(Group 2, 3, and 4)CapStandardStandardEye protective wearVisor or gogglesFace shieldMaskSurgical maskN95 respiratorGownWater repellent/water-resistant gownsWater repellent/Barrier^®^ surgical gownHand hygieneHand washing or alcohol-rub between patientsGloveShoe coverStandardStandard

### Examination Equipment Sterilization {#Sec13}

Slit lamps should accompany barriers or breath shields (Fig. [8.3](#Fig3){ref-type="fig"}).Applanation tonometry to be performed using Tonopen with a disposable sleeve. For Goldmann applanation tonometry, the prism tip must be sterilized between cases with alcohol swabs or bleach solution 1:10 as recommended. The prism tip should be immersed in bleach for at least 15 min.Ultrasonography probe to be sterilized with alcohol swab after every use.Scleral indentation for indirect ophthalmoscopy should be performed with disposable cotton swab stick.Direct ophthalmoscopy should be avoided, instead one should use slit lamp with breath shields and a non-contact lens for fundus evaluation.All ophthalmic instruments should be disinfected using diluted household bleach, alcohol solutions containing minimum of 70% alcohol, common EPA-registered household disinfectants including Clorox brand products, Lysol brand products, and Purell professional surface disinfectant wipes. Fig. 8.3Custom-made slit lamp breath shields

### Consultation Room Hygiene and Ventilation {#Sec14}

Keep doors open in the clinic rooms to avoid handling of the door knobs and to maintain ventilation.Restriction of visitors in hospital premises unless under exceptional circumstances such as disabled patients or children.

For a patient who is suspected (or probable) to have COVID-19, the following measures should be taken in treatment by the ophthalmologist:For known cases of COVID-19, attending the patient on an outpatient basis is contraindicated due to high risk of cross infection. All consultations should be done inside quarantine or isolation wards.Any ophthalmic consultation should be deferred in a case suspected to have COVID-19, till the infective status of the patient is confirmed.

Inpatient Care {#Sec15}
--------------

For attending patients in isolation ward, personal protective equipment should be used as advised for high-risk cases.Disposable protective wear should be discarded separately, without touching any part of the skin/face.

Operation Theater (OT) {#Sec16}
----------------------

Only urgent ophthalmic procedures like acute angle closure glaucoma, rhegmatogenous retinal detachment with macula on, traumatic rupture of the eye, and intraocular foreign body to be operated (South China Morning Post [@CR25]).All other elective surgeries to be deferred till crisis subsides.Operating surgeon to be prepared with full precautions---SMS surgical gowns, shoe legging, face mask, surgeon cap, gloves, N95 mask.Removal of gown---special care to be taken in order to prevent outer surface from touching any part of the skin.Separate collection bag for waste generated and disposables used during surgery.High-level disinfection practice for cleaning of operating room (Rutala et al. [@CR23]; Centers for Disease Control and Prevention [@CR5]).Laminar air flow to be maintained in the room.Operating microscope---disinfection with 2% glutaraldehyde.Instrument sterilization---disinfection with 2% glutaraldehyde, sterilization using ethylene oxide (ETO) for moisture and heat-sensitive instruments, hydrogen peroxide plasma sterilization for all other surgical instruments.Operation room fumigation with 5% formaldehyde.No noninfected cases to be operated in the same OT on the same day under any circumstances.

Management in Case of Accidental Exposure {#Sec17}
-----------------------------------------

In case of accidental exposure to any body fluid of the infected patient, eyes should be thoroughly washed with running water and the skin area should be properly cleaned with at least 70% ethyl alcohol-based cleaning solution for at least 20 s. The person should be kept under quarantine till 2 weeks (Centers for Disease Control and Prevention [@CR6]). Meanwhile, nasopharyngeal sampling should be done regardless of the symptoms because developing the disease is almost inevitable in such cases (Centers for Disease Control and Prevention [@CR6]; Lauer et al. [@CR13]). Symptomatic and supportive treatment should be given in those developing COVID-19. Postexposure prophylaxis is not yet available.

Economically Weaker Countries {#Sec18}
-----------------------------

Aforementioned precautions should be practiced in such places also. But due to the paucity of resources, the demands are mostly unmet.

In such scenarios, OPD consultation of any ophthalmological complaint should be withheld till the status of infection turns out negative. Isolation ward, however, if urgent, should be attended with full precautions. Any alternative to the standard precautionary measures may not be helpful in preventing infections. Self-quarantine should be done by the suspect patient or health care provider for at least 2 weeks duration.

Conclusions {#Sec19}
===========

Ophthalmologists can play a key role in outbreak detection, surveillance, and early response to COVID-19. Unawareness at the eye care level may result in mass infections among health care providers and patients.

Future Perspectives {#Sec20}
===================

The outbreak of COVID-19 has brought out the stark inadequacies of the health care system at various levels, specially the primary and secondary care. It is high time the policy makers should take initiatives to strengthen primary and secondary heath care and increase investment in health, including ophthalmic care sector.

Previous studies had warned about a possible severe coronavirus pandemic, similar to SARS and MERS in near future. In order to fight forthcoming similar illnesses, proper sanitization and disinfection practices should be incorporated on a daily basis, by both doctors and people in the community. Situational awareness and adequate training should be give to health care providers of all specialties to combat outbreak of new infectious diseases. Early preventive measures should be undertaken to prevent pandemics. Cooperation among both public and private hospital setups is crucial for management.

Highlights {#FPar1}
----------

Early identification of COVID-19 can be done by a vigilant ophthalmologist, reducing risk of further human-to-human transmission.Conjunctivitis can be the first symptom of COVID-19 in patients with positive travel/contact history.SARS-CoV-2 is present in patients with COVID-19 conjunctivitis.High risk of transmission is present through direct inoculation into conjunctiva.Patients having no respiratory symptoms except COVID-19 conjunctivitis are also infectious.

COVID-19

:   Coronavirus disease-19

SARS-CoV

:   Severe acute respiratory syndrome coronavirus

SARS-CoV-2

:   Severe acute respiratory syndrome coronavirus-2
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